Leave this area blank for abstract info. Bismuth compounds are not toxic and relatively cheap, and have been widely used in catalysis and organic synthesis. In the past two decades, bismuth(III) compounds (e.g., BiCl 3 , BiBr 3 , Bi(OTf) 3 , Bi(NO 3 ) 3 ) have been used as catalysts in various organic reactions 1, 2 . However, up till now, there are only several reports on the use of organobismuth compounds as catalysts in organic synthesis, possibly due to the unstable nature of bismuth compounds 3 . With environmental concerns and 'green reagents' in mind, we have been synthesizing stable bismuth compounds for potential uses. For example, organobismuth oxide, hydroxide, methoxide and bismuth compounds bearing a sulfur-bridged bis(phenolato) ligand were synthesized and found to be good reagents and catalysts for CO 2 chemical fixation 4 . Very recently we reported that certain organobismuth chlorides and their triphenylgermylpropionate derivatives show good in vitro antiproliferative activity 5 , and that organobismuth perfluorooctanesulfonate and perchlorate exhibit high catalytic efficiency towards one-pot Mannich-type reaction of ketones with aromatic aldehydes and aromatic amines in water 6 . We have also developed a series of novel Lewis acids by incorporating large electron-withdrawing groups (e.g., -C 6 F 5 SO 3 , -C 8 F 17 SO 3 ) into organometallic (e.g., Ti, Zr, Hf) compounds, and found that they are catalytically active towards many organic reactions in aqueous media as well as in various organic solvents 7 . It is know that the Lewis acid-catalyzed allylation of carbonyl compounds to produce homoallylic alcohols is a versatile organic reaction 8 . The allylation reaction can be promoted by the addition of a Lewis acid 9 or enhanced by the rise of reaction temperature or pressure 10 . On the other hand, there is a growing body of evidence that under certain circumstances, the solvent (THF-HCl 8e or methanol 11 ) and ionic liquids 12 can facilitate allyl transfer from tetraallylstannane to alkanals or alkanones.
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In this paper, we report the synthesis and characterizeation of an air-stable compound, viz. hypervalent organobismuth (III) tetrafluoroborate and its use in the allylation of carbonyl compounds with tetraallyltin in aqueous media.
Shown in Scheme 1 is the synthesis of hypervalent organobismuth (III) tetrafluoroborate 1. Treatment of C 6 H 11 N(CH 2 C 6 H 4 ) 2 BiCl with silver tetrafluoroborate (AgBF 4 ) (1 equiv) in THF yields the target complex 13 . The crystal structure of compound 1 was confirmed by X-ray analysis technique. (For analysis condition, please see reference 13 ). An ORTEP representation of the structure of compound 1, as well as selected bonds and angles are shown in Fig bismocines flexibly changes in response to the electronic nature of bismuth 14 . The Bi-F bond is 2.502 (7) Å in length, . The organobismuth tetrafluoroborate 1 remained as dry crystals and suffered no color change in a test of one year in air. It is apparent that it is resistant to moisture and oxygen. Attached to the Bi atom of compound 1 is a strongly electron-withdrawing tetrafluoroborate (BF 4 ), and compound 1 shows Lewis acid strength of 3.3 ＜ H 0 ≤ 4.8, stronger than that of (C 6 H 11 N(CH 2 C 6 H 4 ) 2 Bi(OSO 2 C 8 F 17 ) 6b . In addition, compound 1 is highly soluble in methanol and in aqueous solutions of common polar organic molecules. The thermal stability of compound 1 was investigated by TG-DSC analysis under N 2 atmosphere (Fig. 2) . In most cases of the utilization of metal reagents, the allylation reactions have to be conducted under dry condition and/or in an inert atmosphere. It is not so in the handling of tetraallyltin. Another reason for adopting tetraallyltin for allylation in this study is that the substance is inexpensive and readily available. The reaction of tetraallyltin with benzaldehyde using 4 mol % of C 6 H 11 N(CH 2 C 6 H 4 ) 2 BiBF 4 was examined in various solvents in a period of one hour (Table 1) . One can see that the reaction occurs smoothly in solvents such as MeOH, C 2 H 5 OH, CH 3 CN, DMSO, THF, CH 2 Cl 2 (Table 1 , entry 1, 2-4, 7-11), but slowly in hexane and toluene (Table 1 , entries 12-13). In view of the facts that (i) methanol is relatively cheap, (ii) the effect of using water is positive (Table 1 , entries 2-6), and (iii) the catalyst shows good airtolerance, we conducted the reaction in aqueous MeOH solution. It was found that compound 1 is an excellent catalyst for the formation of 1-phenyl-3-buten-1-ol. After the usual work-up procedure, the yield of 1-phenyl-3-buten-1-ol can be as high as 97%.
In order to demonstrate the excellent catalytic activity of 1, aliphatic aldehyde as well as aromatic aldehydes with electron-donating and electron-withdrawing groups were examined ( Table 2) . Allylation of both aromatic and aliphatic aldehydes at ca. 30 o C in the presence of 4 mol% of the compound 1 proceeds smoothly to generate the corresponding homoallyl alcohols 2 in good to excellent yields. It is interesting to note that the aryl aldehydes with electron-withdrawing and electron-donating groups show similar allylation rate, suggesting that the presence of the electron-withdrawing or electron-donating group of the aldehydes has little effect on the reaction. In Table 3 , the catalytic performance of compound 1 is compared with those of the other bismuth compounds. After a blank run of 12 h, the isolated yield of homoallyl alcohol is only 30%. 3 and BiCl 3 could be attributed to the high sensitivity of the compounds towards moisture. To examine the reusability of the catalyst, compound 1 was subject to cycles of allylation reaction of benzaldehyde with tetraallyltin. In a test of 5 cycles, the change of product yield is minimal (isolated yield slightly declined from 96% to 94%), indicating that the catalyst is stable and reusable (details will be reported in a full paper).
Furthermore, we observed no formation of homoallylic alcohol in the case of acetophenone even after prolonged period of reaction (not shown). In other words, high chemoselectivity between aldehydes and ketones is possible in this approach of catalytic allylation. Such degree of chemoselectivity is impossible with the commonly used allylating reagents such as allylmagnesium bromide, allyllithium and allyltributyltin/BF 3 ·OEt 2 8e . It is apparent that compared to the catalysts reported in the literatures 11d, 12 , compound 1 has the advantages of being high in activity, selectivity, stability, and reusability 17 .
According to the concepts suggested by Cokley et al. and Lingaiah et al. 18 and based on the experimental data reported so far, the mechanism of the allyltion reaction over compound 1 in aqueous methanol solution is postulated (Scheme 2). With compound 1, tetraallyltin and an aldehyde dissolved in aqueous methanol, the aldehyde coordinates with the bismuth atom and is activated. Then teterallyltin attacks the activated aldehyde to form a sixmembered intermediate. Meanwhile methanol and water coordinate to tin to form (RO) n Sn(CH 2 -CH=CH 2 ) 4-n (n = 1, 2, 3, 4; R=H or CH 3 ), producing the homoallyl alcohol. With the cleavage of the coordinate bond, compound 1 is regenerated and is ready for the next catalytic cycle. In summary, we have synthesized and characterized airstable hypervalent organobismuth (III) tetrafluoroborate as efficient Lewis-acidity catalyst that shows high activity and good selective to homoallyl alcohols in the allylation of aromatic and aliphatic aldehydes with tetraallyltin in aqueous methanol.
